(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



ill 



(12) 



(43) Date of publication: 

17.12.2003 Bulletin 2003/51 

(21 ) Application number 03008536.9 

(22) Date of filing: 12.04.2003 



(n) EP 1 372 008 A1 

EUROPEAN PATENT APPLICATION 

(51) int CI7: G02B 6/42 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Ft FR GB GR 


• Colombo, Joseph G. 


HU IE IT LI LU MC NL PTSESISKTR 


Mahwah, New Jersey 07430 (US) 


Designated Extension States: 


• Gofman, Igor Y. 


AL LT LV MK RO 


Mahwah, New Jersey 07430 (US) 


(30) Priority: 13.0S.2002 US 170947 


(74) Representative: Grattinger & Partner (GbR) 




Postfach 16 55 


(71) Applicant: Coltene/Whaledent, Inc. 


82306 Starnberg (DE) 


Mahwah, New Jersey 07430 (US) 





(54) Concentrated light source for a curing instrument 



(57) A light source for a curing lamp includes a bun- 
dle of fiber optic strands, each mated at a receiving end 
to a receptacle for receiving an individual light emitting 
diode (LED) or laser diode (LD). Each receptacle is ar- 
ranged to collect substantially all light energy produced 



by its associated LED or LD light source. The transmit- 
ting ends of the fiber optic strands are tightly packed to 
define a transmitting surface, and the transmitting sur- 
face thereby transmits a concentrated light beam includ- 
ing substantially ail of the collected light energy. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to concentrated light 5 
sources. More particularly, the invention relates to a 
concentrated light source for a dental curing light that 
employs a manifold fiber optic array for concentrating 
light from multiple illumination sources. 

w 

BACKGROUND OF THE INVENTION 

[0002] Dental composites employ well-known materi- 
als, and are used in a variety of dental procedures in- 
cluding restoration work and teeth filling after root canal '5 
procedures and other procedures requiring drilling. Sev- 
eral well-known dental composites have been sold un- 
der the trade names of BRILLIANT LINE. Z-100, TPH, 
CHARISMA and HERCULITE & BRODIGY. 
[0003] Such composites are typically formed from liq- 20 
uid and powder components that are mixed together to 
form a paste. The paste is formed to have a consistency 
sufficiently workable and self-supporting to be applied 
to an opening or cavity in a tooth. The liquid component 
may typically comprise phosphoric acid and water, while 25 
the powdercomponent may comprise ceramic materials 
including cordite, silica or silicium oxide. After the com- 
posite is applied to a tooth, it must be cured to form a 
permanent bond with the tooth. 

[0004] Curing requires the liquid component to evap- 30 
orate, causing the composite to harden. In the past cur- 
ing has been accomplished by air drying, which has the 
disadvantage of requiring significant time. This time can 
greatly inconvenience the patient. More recently, light 
curing has oecome popular in the field of dentistry as a 35 
means for decreasing curing times. According to this 
trend, curing lights have been developed for dental cur- 
ing applications. An example of such a curing light is 
illustrated by U.S. Patent No. 5,975,895, issued Novem- 
ber 2, 1 999 to Sullivan, which is hereby incorporated by 40 
reference. 

[0005] Conventional dental curing lights generally 
employ :ungsten filament halogen lamps that incorpo- 
rate a filament for generating light, a reflector for direct- 
ing light and a blue filter that limits transmitted light to 45 
wavelengths in the region of 400 to 500 nanometers 
(nm). Light is typically directed from the filtered lamp to 
a light guide, which directs the light to a position adjacent 
to the material to be cured. 

[0006] A problem with conventional halogen-based so 
curing lights is that the lamp, filter and reflector degrade 
with time. This degradation is particularly accelerated 
by heat generated by the halogen lamp. For example, 
this heat may cause filters to blister and cause reflectors 
to discolor, leading to reductions in light output and cur- 55 
ing effectiveness. While heat may be dissipated for ex- 
ample by the addition of a fan unit to the light, the fan 
adds cost and may cause other undesired effects (for 



example, noise). Alternate lamp technologies (for exam- 
ple, using Xenon and laser light sources) tend to be cost- 
ly, require filtration, consume large amounts of power 
and generate significant heat. In particular, laser tech- 
nologies have also required stringent safety precau- 
tions. 

[0007] Light Emitting Diodes (LEDs) and Laser Di- 
odes (LDs) appear to be good candidate curing light 
sources, having reasonable cost and an expected op- 
erational life of between 10 and 15 years. In addition, 
LEDs and LDs can be designed to produce a significant 
portion of light output having a frequency in the desired 
range of 400 to 500 nm. For example, much of the spec- 
tral radiant intensity for many blue LEDs peaks at 468 
nm, producing an almost ideal bandwidth for dental cur- 
ing applications. 

[0008] To date, it has been difficult to generate suffi- 
cient power levels from LED or LD lamp designs forden- 
tal curing applications (a minimum of 800 milliwatts per 
square centimeter). Accordingly, it would be desirable 
to develop a curing light using LED or LD lamps having 
sufficient power to support dental curing applications. 

SUMMARY OF THE INVENTION 

[0009] These and other deficiencies have been 
solved by a novel fiberoptic light compressor compris- 
ing a bundle of fiber optic strands, aplurality of individual 
LED and/or LD light sources, and a plurality of optical 
receptacles, each receptacle optically coupled to both 
a receiving end of a strand in the bundle of fiber optic 
strands and a single one of the plurality of individual light 
sources. Each receptacle is arranged to capture sub- 
stantially all of the light energy output by its associated 
light source. Strands in the bundle are tightly packed in 
a longitudinally-oriented array, so that transmitting ends 
of the strands define a transmitting surface that delivers 
a concentrated light beam composed of energy pro- 
duced by each of the plurality of light sources. In this 
manner, virtually all of the light energy supplied by the 
individual light sources is delivered to the concentrated 
light beam. 

[0010] In a first embodiment of the present invention, 
the light receptacle comprises an optical taper having a 
core component relieved at a wide end of the taper in 
order to receive a light source. A cladding component 
at the wide end of the taper encapsulates the light 
source to help confine light energy within the taper. - 
[001 1 ] In a second embodiment of the present inven- 
tion, the light receptacle comprises a cavity having a 
cladding-coated surface to encapsulate the light source 
and to confine light energy. A polished portion of the re- 
ceiving end of the fiber optic strand is inserted into a 
housing of the light source (for example, through a trans- 
parent bell- shaped structure of an LED or through the 
exit window of a LD), and fixedly attached to the light 
source housing using an optical epoxy. virtually all of 
the energy of the light source is captured by the polished 
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portion of the strand. 

[0012] The optica! receptacles may be positioned 
such that their individual centeriines are perpendicular 
to a centerGne of the bundle, in one or more rows that 
are parallel to the centeriine of the bundle. Each row is 
radially positioned around the bundle. Alternatively, the 
receptacles may be staggered about the centeriine of 
the bundle to achieve a tighter physical spacing. 
[0013] In a typical dental curing lamp application hav- 
ing six radial rows of light sources with thirteen individual 
light sources per row, a concentrated power beam is 
generated having a light power density in excess of 600 
milliwatts per square centimeter. 
[0014] The aforementioned objects, features and ad- 
vantages will, in part, be pointed out with particularity, 
and will, in part, become obvious from the following 
more detailed description of the invention, taken in con- 
Junction with the accompanying drawing, which forms 
an integral part thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] A more complete understanding of the inven- 
tion may be obtained by reading the following descrip- 
tion of specific illustrative embodiments of the invention 
in conjunction with the appended drawing in which: 



and has an index of refraction N v Fiber cladding 14 
serves to help confine light within the core 12. and has 
an index of refraction N 2 , which is typically less than N v 
Fiber outer coating 1 6 provides protection against abra- 

5 sion and other potential physical damage to fiber 1 0. A 
typical fiber 1 0 used for short distance application as will 
be herein described may have an outer diameter be- 
tween 0.04 and 0.06 inches in diameter, and have about 
83 percent of its cross-sectional area comprising core 

10 1 2 and about 1 7 percent of its cross^sectional area com- 
prising cladding 14. 

[0018] As illustrated in Figure 1 (a), incident beam 22 
from light source 20 moves across air medium gap 21 
to strike receiving end face 9 of the fiber 1 0 at an angle 

15 6) with respect to fiber centeriine 1 5. Incident beam 22 
is reflected at end face 9 as reflected beam 24, and is 
refracted at end face 9 as refracted beam 26. Reflected 
beam 24 makes an angle 6 3 with respect to centeriine 
15, and refracted beam 26 makes an angle ^ with re- 

20 sped to centeriine 15. Because end face 9 is perpen- 
dicular to centeriine 1 5, angle 6 3 is equal to angle 8 1 . 
Employing Sneil's law, angle 0610 De determined by 
using the following relationship: 

25 

N air *sin6 1 = N 1 *sin9 2 (1) 



Figure 1(a) and 1(b) illustrate principles associated 
with launching a light beam in an optica! fiber; 
Figure 2(a) illustrates light reflection properties for 
a halogen lamp used in a prior art curing tool appli- 
cation; 

Figures 2(b) - 2(d) illustrate features of a prior art 
curing lamp light source employing multiple LEDs; 
Figures 3(a) - 3(g) illustrate several embodiments 
of the present invention; and 
Figure 4 illustrates an application of the present in- 
vention employed in a dental curing lamp. 

In the various figures, like reference numerals 
designate like or similar elements of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] The following detailed description includes a 
description of the best mode or modes of the invention 
presently contemplated. Such description is not intend- 
ed to be understood in a limiting sense, but to be an 
example of the invention presented solely for illustration 
thereof, and by reference to which in connection with 
the following description and the accompanying draw- 
ings one skilled in the art may be advised of the advan- 
tages and construction of the invention. 
[0017] Figures 1(a), 1(b) illustrate a standard light 
transport medium in the form of an optical fiber 10. Op- 
tical fiber 1 0 includes a fiber core 1 2, a fiber cladding 1 4 
and a fiber outer coating 16. Fiber core 12 typically 
serves as the portion of the fiber operative to carry light, 



[001 9] Where N alr is an index of refraction for air : and 
N, is the index of refraction for the fiber core. 
30 [0020] Ideally, incident light from light source 20 will 
be fully refracted at end face 9 to enter fiber core 12, 
and light reaching interface 25 between fiber core 12 
and fiber cladding 14 will be reflected at interface 25 , 
thereby causing light to travel in a contained fashion 
35 within fiber 1 0. However, if light enters fiber core 1 2 at 
a sufficiently large angle with respect to centeriine 15 
(as illustrated by light beam 30 refracted from incident 
light beam 28), some light (illustrated by light beam 32) 
may escape fiber core 1 2 and be refracted through fiber 
40 cladding 14. The angle beyond which light cannot be 
fully carried within fiber core 1 2 is referred to as the crit- 
ical angle. 

[0021] A useful property of an optical system or ele- 
ment is numerical aperture (NA), which may be defined 
45 as the sine of the vertex angle of the largest con e of light 
that can enter or leave the system or element, multiplied 
by the index of refraction for the medium in which the 
vertex of the cone is located. In the case of optical fiber 
10, a capacity for accepting light rays from light source 
50 20 may be represented by a numerical aperture calcu- 
lated as follows: 

NA=V((N t ) 2 -(N 2 ) 2 ) (2) 

55 

[0022] Where N 1 is the index of refraction for core 1 2, 
and N 2 is the index of refraction for the cladding 14. 
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[0023] For example, in a common fiber configuration 
for short distance fiber transmission where N 1 - 1.62 
and N 2 = 1 .52. NA= .56. which corresponds to a maxi- 
mum underlying critical angle of 34 degrees, tn other 
words, any tight supplied by light source 20 at an off- 
centertine incident angle 8 a in excess of the maximum 
underlying critical angle will not be accepted by fiber 1 0. 
As fiber 1 0 accepts light up to 34 degrees off centerline 
15 in any direction, the maximum acceptance angle of 
the fiber 1 0 is twice the maximum underlying critical an- 
gle, or 68 degrees. 

[0024] As a result of various optical effects including 
transmissive losses within the fiber and refractive prop- 
erties at the fiber boundaries, the maximum angle at 
which light rays will exit from a delivery end face (not 
shown) of fiber 1 0 of Figure 1 will generally be less than 
the maximum underlying critical angle at which light rays 
are delivered by light source 20 to receiving end face 9. 
For example, a fiber having a maximum underlying crit- 
ical angle of 34 degrees may be limited to a maximum 
exit angle as small as 26 degrees. In order to avoid this 
loss of incident light, the maximum incident angle 8 a for 
light source 20 is preferably selected to be about 50 per- 
cent less than the maximum acceptance angle. For ex- 
ample, for a critical angle of 34 degrees in a short-range 
fiber 1 0 having a NA of 0.56, a maximum incident angle 
of between 1 8 and 25 degrees is preferred, 
[0025] Figure 2(a) illustrates a conventional light 
source and pickup assembly 100 used in curing lights 
similar to the curing light disclosed by U.S. Patent No. 
5,975,895. Halogen light source 20 includes an illumi- 
nating element 20a which radiates and directs light to 
reflector 20b. from which at least a portion of the reflect- 
ed light (represented by rays 22a, 22b and 22c) are di- 
rected to pickup 11 . As shown in the enlarged portion of 
Figure 2(a), rays 22b, 22c are directed to fiber bundle 
10, and will be refracted into fibers in fiber bundle 10 
only so long as rays 22b, 22c are not reflected beyond 
the critical angle for fibers in fiber bundle 1 0. As can also 
be seen from the enlarged portion of Figure 2(a), at least 
a portion of light ray 22a impinges on pickup 1 1 in bundle 
support area 13 surrounding fiber bundle 10, and is 
therefore not received by fiber bundle 10 at all. In this 
manner, much of the light energy produced by lamp 20 
is either reflected away or otherwise fails to reach fiber 
bundle 10. 

[0026] Figures 2(b) and 2(c) illustrate a second light 
source and pickup assembly 110. Lamp array 20 com- 
prises a plurality of LEDs (represented, for example, by 
LEDs 20d and 20e of Figure 2(b)) positioned in a semi- 
circular array with respect to pickup 1 1 . Importantly, as 
illustrated in Figure 2(d). LED 20d presents a viewing 
angle 6 V . which may vary from 25 degrees to more than 
80 degrees according to the specifications of the LED 
manufacturer, (representative LEDs are commercially 
available, for example, from Nichia America Corporation 
of Mountville. Pennsylvania). 

[0027] Accordingly, and as illustrated in Figures 2(c) 



and (2d). LED 20d having viewing angle flv is optimally 
placed a distance 21 from pickup assembly 11 in order 
for light rays 22d to coincide in area with the area of fiber 
bundle 1 7d. If placed at a greater distance, light disper- 
5 sion defined by viewing angle 6v will cause some of the 
rays at the periphery of light rays 22d to strike pickup 
assembly 1 1 outside of the area defined by fiber bundle 
17d. 

[0028] While light rays 22d coincide in area with fiber 
io bundle area 17d, it can be seen from Figure 2(c) that 
light rays 22e associated with LED 20e strike bundle 
support surface 13 at an angle 8 P , thereby creating an 
oval-shaped light beam 17e on surface 13. Portions of 
lightbeam 1 7e extend beyond bundle area 1 7d. Accord- 
15 ingty, in the light source and pickup assembly 11 0 illus- 
trated by Figures 2(b) - 2(d), some light generated by 
LEDs 20 will most likely fail to be captured by fiber bun- 
dle 10. 

[0029] The present invention overcomes the limita- 

20 tions of these prior art systems. Several aspects of the 
present invention are illustrated in Figures 3(a) - 3(g), 
and will be described with reference thereto. 
[0030] Figures 3(a) and3(b) illustrate a fiber optic light 
assembly 40. In Figure 3(a), a plurality of light sources 

25 20 are each positioned near a large end 41 a of one of 
a plurality of optical receptacles 41 . A small end 41b of 
each of the plurality of optical receptacles 41 is fusedly 
connected to a receiving end of one of a plurality of op- 
tical fiber strands 42. Optical receptacles 41 are fixedly 

30 positioned within receiver 43. Receiver 43 has a cavity 
45 for routing fiber optic strands 42 to terminate at a 
transmitting surface 44. As illustrated in Figure 3(b), op- 
tical fiber strands 42 are tightly and longitudinally bun- 
dled within cavity 45. Thus, light collected from light 

35 sources 20 via optical receptacles 41 is transmitted by 
fiber optic strands 42 to transmitting surface 44, and 
emerges in a concentrated light beam at transmitting 
surface 44. 

[0031] Figures 3(c) and 3(e) illustrate two embodi- 
40 ments of the optical receptade 41 of Figures 3(a), 3(b). 
In Figure 3(c), LD 20 is coupled to a tapered optical fiber 
41 , in which a core material has been removed at large 
end 41 a of taper 41 to a depth 46 in order to accommo- 
date insertion of LD 20 at large end 41a. Cladding 41 d 
remains in place over the entire distance between large 
end 41a and small end 41b. It should be noted that, in 
forming a recess for LD 20 within taper 41 , one alterna- 
tive to removing core material to a depth 46 to form the 
recess may be to extend cladding 41 d by a length 46 to 
so form the recess. 

[0032] As illustrated in the embodiment of Figure 3(c), 
aperture 43a holds LD 20 and taper 41 in a fixed posi- 
tion . C ladding 4 1 d extends over outer metallic cover 20g 
of the LD 20, and serves together with base surface 20j 
55 to contain light emitted by LD element 20h so that it may 
be reflected into receiving surface 41 e of the taper 41 
through a window (not shown) in outer cover 20g. 
[0033] Taper 41 is positioned in aperture 43a of 
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opaque receiver 43 so that virtually none of the light 
emitted by LD 20 escapes taper 41. In addition, taper 
41 guides light received from LD 20 into an interfacing 
fiber strand 42 such that virtually no light is directed to 
fiber strand 42 at an angle in excess of the critical angle 
for fiber strand 42. In this manner, virtually all light en- 
ergy emitted by LD element 20h is collected by fiber 
strand 42 and transmitted to transmitting surface 44. 
[0034] In Figure 3(d), LED 20 is coupled with the ta- 
pered optical fiber 41 of Figure 3(c) at large end 41a. 
Once more, a sufficient amount of core material has 
been removed at large end 41a in order to accommo- 
date insertion of LED 20 at large end 41 a such that LED 
element 20h is positioned below an outer surface 43b 
of opaque receiver 43. Again, virtually all light emitted 
by LED element 20h is collected by taper 41 and trans- 
mitted to transmitting surface 44. 
[0035] Figure 3(e) illustrates a second embodiment of 
optical receptacle 41 . In Figure 3(e), coated optical fiber 
41 g extends into cavity 43c, which is lined by cladding 
41 f . LED 20 is positioned within cavity 43c such that LED 
element 20h is positioned below outer surface 43b of 
receiver 43. Fiber 41 g pierces transparent bell-shaped 
structure 20k of LED 20 at an apex of transparent bell- 
shaped structure 20k, and is fixed to transparent struc- 
ture 20k, for example, with optical epoxy 48 (commer- 
cially available, for example, from Epoxy Technology of 
Billenia, Massachusetts). Fiber end 41 h of fiber 41 g po- 
sitioned within transparent bell-shaped structure 20k is 
highly polished in order to remove coating and cladding 
layers. As a result, substantially all light emitted by LED 
element 20h is collected by polished fiber end 41 h. It 
should be noted that one skilled in the art would be easily 
able to substitute other devices for the LED 20 of Figure 
3(e) (for example, laser diodes). 
[0036] Figures 3(f) and 3(g) illustrate an alternate 
configuration for fiber optic light source 40 of Figures 3 
(a), 3(b). In the light source 40 of Figures 3(0 and 3(g). 
receiver 43 is arranged to position six longitudinal rows 
of LEDs 20 and tapers 41 , each row radially positioned 
with respect to cavity 45. This configuration of LEDs 20, 
tapers 41 and fibers 42 permits a significant number of 
LEDs 20 to be positioned in a relatively small space 
(suitable, for example, for positioning within the handle 
of a dental curing lamp). In the configuration shown in 
Figures 3(f) and 3(g), six longitudinal rows of thirteen 
LEDs each yields a concentrated light source of 78 
LEDs. This array yields an effective power density in ex- 
cess of 800 milliwatts per square centimeter. 
[0037] Figure 4 shows the light source 40 of Figures 
3(0* 3(g) incorporated in a dental curing light 50. Light 
source 40 is positioned, for example, within case 51 of 
light 50 that case 51 may also function as a gripping han- 
dle. Case 51 contains power supply 52, which provides 
power to light sources 20 via power feed cables 53. 
Transmitting surface 44 of light source 40 is optically 
coupled at a receiving end 54 of transmitting tip 55, 
which channels light emitted at transmitting surface 44 



to tip end 56, for emissions and application to polymer- 
ize a dental material. 

[0038] It should be apparent to one skilled in the art 
that a great variety of configurations arranged to have 

5 a variety of numbers of LED rows and a variety of num- 
bers of LEDs in each row are fully contemplated by the 
present invention. A number of other variants on this 
configuration are contemplated as well (for example, a 
radial array of LEDs in which alternating LED's in each 

10 row are offset from adjacent LEDs in the row in order to 
reduce the overall length of the array). Any configuration 
contemplating multiple solid-state light sources 20 each 
individually in combination with a tapered or other re- 
ceptacle 41 designed to capture substantially all tight 

is emitted by the individual light source 20 and delivering 
the captured light to an optical fiber such that a plurality 
of optical fibers form a bundle that provides a concen- 
trated tight beam powered from the individual light 
sources 20 is contemplated by the present invention. 

2Q [0039] It should also be apparent to one skilled in the 
art that the configuration of Figures 3(f) and 3(g) may 
be implemented with a number of types of receptacles 
41 and light sources 20, including the preferred config- 
uration of Figure 3(e). 

25 [0040] While the present invention has been de- 
scribed at some length and with some particularity with 
respect to the several described embodiments, ft is not 
intended that it should be limited to any such particulars 
or embodiments or any particular embodiment, but it is 

30 to be construed with references to the appended claims 
so as to provide the broadest possible interpretation of 
such claims in view of the prior art and, therefore, to ef- 
fectively encompass the intended scope of the inven- 
tion. 

35 

Claims 

1. A concentrated light source, the light source com- 
40 prising: 

a bundle of fiber optic strands, each strand hav- 
ing a receiving end and a transmitting end, 
wherein the fiber optic strands are tightly 
45 packed in a longitudinally-oriented array such 

that the transmitting ends define a transmitting 
surface; 

a plurality of individual light sources, 

a plurality of optical receptacles, each recepta- 

50 cle optically coupled to a receiving end of one 

of the bundle of fiber optic strands and to one 
of the plurality of individual light sources, 
wherein the receptacle is arranged to collect 
substantially all light energy produced by the 

55 received light source and to deliver the collect- 

ed light energy to the receiving end of the fiber 
optic strand; such that 

a concentrated light beam comprising light en- 
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ergy from each of the plurality of light sources 
is delivered at the transmitting surface. 

2. The light source of claim 1 , further comprising a re- 
ceiver for fixedly positioning the plurality of individ- 
ual light sources, the plurality of optical receptacles, 
the bundle of fiber optic strands and the transmitting 
surface in a predetermined geometry. 

3. The light source of claim 1 , wherein each of the plu- 
rality of individual light sources is a semiconductor 
light source selected from the group consisting of 
Light Emitting Diodes (LEDs) and Laser Diodes 
(LDs). 

4. The light source of claim 1 , wherein each of the plu- 
rality of optical receptacles comprises an optical ta- 
per. 

5. The light source of claim 4, wherein the optical taper 
comprises core and cladding components, the core 
component being relieved at a receiving end of the 
optical taper in order to receive an individual light 
source. 

6. The light source of claim 1 , wherein each of the plu- 
rality of optical receptacles comprises: 

a cavity for receiving and retaining light emitted 
by an individual light source; and 
a tip portion of the receiving end of one of the 
bundle of fiber optic strands, said tip portion ar- 
ranged to be in close proximity to a coupled light 
source. 

7. The light source of claim 6, wherein a surface of the 
cavity for receiving an individual light source com- 
prises a cladding material. 

8. The light source of claim 6, wherein the tip portion 
pierces the light source to be positioned in proximity 
to a radiant element of the light source. 

9. The light source of claim 8, wherein the inserted 
portion is fixedly attached to the individual light 
source with an optical epoxy. 

10. The light source of claim 2, wherein the plurality of 
light sources are arranged in a radial array with re- 
spect to the bundle. 

11. The light source of claim 1 0, wherein the radial array 
comprises a plurality of radial arrays. 

12. The light source of claim 1 1 , wherein corresponding 
light sources in each of the plurality of radial arrays 
are aligned in rows, each row being parallel to a lon- 
gitudinal axis of the bundle. 



13. The light source of claim 1 2, comprising thirteen ra- 
dial arrays and rows. 

14. The light source of claim 2, wherein the plurality of 
s individual light sources are arrayed in at least one 

row parallel to a longitudinal axis of the bundle. 

15. The light source of claim 2, wherein longitudinal ax- 
es of the receptacles are perpendicularly positioned 

to with respect to a longitudinal axis of the bundle. 

16. The light source of claim 1 , wherein each strand in 
the bundle of fiber optic strands has an outer diam- 
eter between 0.04 and 0.06 inches. 

1$ 

17. The light source of claim 1 , wherein each strand in 
the bundle of fiber optic strands has a numerical ap- 
erture of 0.56. 

20 18. A curing lamp comprising a concentrated light 
source, the curing lamp further comprising; 

a bundle of fiber optic strands, each strand hav- 
ing a receiving end and a transmitting end, 
25 wherein the fiber optic strands are tightly 

packed in a longitudinally-oriented array such 
that the transmitting ends define a transmitting 
surface; 

a plurality of individual light sources; 

30 a plurality of optical receptacles, each recepta- 

cle optically coupled to a receiving end of one 
of the bundle of fiber optic strands and to one 
of the plurality of individual light sources, 
wherein the receptacle is arranged to collect 

35 substantially all light energy produced by the 

received light source, and to deliver the collect- 
ed light energy to the receiving end of the fiber 
optic strand; such that 

a concentrated light beam comprising light en- 
40 ergy from each of the plurality of light sources 

is delivered at the transmitting surface. 

19. The curing lamp of claim 18, wherein the concen- 
trated light beam produces a light energy density of 

45 at least 800 miliwatts per square centimeter. 

20. A method for concentrating light produced by a plu- 
rality of individual light sources, the method com- 
prising the steps of: 

so 

optically coupling each of the plurality of light 
sources to one of a plurality of optical recepta- 
cles; 

optically coupling each of the optical recepta- 
55 cles to a receiving end of one of a plurality of 

optical conduits; 

arranging transmitting ends of the plurality of 
optical conduits to form a transmitting surface; 
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collecting for each of the plurality of individual 
light sources substantially ail of the light pro- 
duced by said individual light source by the cou- 
pled optical receptacles; 

delivering the collected light for each of the plu- s 
rality of optical receptacles from the receiving 
end of the coupled optical conduit to the trans- 
mitting end of the coupled optical conduit; and 
transmitting the delivered light from the trans- 
mitting surface as a singular, concentrated light io 
beam. 

21 . The method of claim 20, wherein each of the plural- 
ity of optical conduits is an optical fiber. 
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Figure 2 (c) (Prior Art) 
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Figure 3(e) 
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